Abstract: Drought stress affects various physiological and metabolic processes in rice (Oryza sativa L.) plant. Non-availability of high-yielding varieties suitable for cultivation under drought condition lead towards a sharp decline in rice yield. Induce mutation is an essential auxiliary approach to counterpart conventional breeding to produce stress-tolerance rice variety. The current study was aimed to identify two advanced mutant rice genotypes as drought-tolerant using growth parameters and antioxidant enzyme activities. The advanced mutant rice genotypes, MR219-4 and MR219-9, showed a minimal reduction on all growth parameters, yield, and yield components measured for drought tolerance. MR219-4 had a slight reduction on total dry weight and chlorophyll content under drought stress condition. Proline content increased significantly in drought-tolerant rice genotypes and the highest proline content was obtained from MR219-4 followed by MR219-9 under drought stress. Catalase, ascorbate peroxidase, and guaiacol peroxidase activities were significantly increased in drought stress treatment in all the rice genotypes. MR219-4 and MR219-9 were identified as high-yielding drought-tolerant genotypes as they maintained good performance under drought stress condition for all the measured traits compared to the drought-tolerant check varieties, Aeron1 and MR219, thus, this might be underlying selection criteria for a drought tolerance rice breeding programme.
Introduction
The current status of climate change has led to a strong El Niño weather pattern that causes higher temperature, prolonged dry seasons, and severe drought, and thereby affects granary areas of Malaysia. Such environmental conditions are the major factors that limit the production of crop at a worldwide level. Approximately 40% of the world's population is exaggerated by drought [1] . In Malaysia, about 114,324 hectares of land are affected by drought [2] .
Rice (Oryza sativa L.) is widely cultivated mostly as a staple food crop. In Malaysia, the total area of growing rice is about 490,500 hectares, which is prominent to the production volume of rice, totalling approximately 1.77 million metric tons. However, rice yield, in contrast, is very low in the dry soil. It is essential to identify the changes in physiological and biochemical attributes in plants under drought stress to upsurge the yield of rice.
Drought effects are a high risk to rice production, especially in parts of Peninsular Malaysia. Drought inflicts osmotic stress to plants [3] . Drought stress disturbs water relations, causing a reduction in water-use efficiency [4] . Accumulation of proline that synthesized from L-glutamic acid with two enzymes of pyrroline-5-carboxylate (P5C) causes a mechanism that may store carbon and nitrogen and prevent dry mass production deficiency in plants. Several adaptive mechanisms have been developed within plants to counter the drought stress condition including the accumulation of compatible solutes such as proline [5] . There is evidence that higher levels of proline accumulation in plants are associated with greater tolerance in drought and stimulate oxidative stress tolerance by controlling antioxidant enzymes activities [6] [7] [8] . The accumulation of proline also shows a role in plant growth regulation under drought stress [9] .
The antioxidant defence system in the plant cell comprises both enzymatic and non-enzymatic components. Drought has been shown to increase the activity of antioxidant enzymes such as catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) [7, 10, 11] . These major reactive oxygen species (ROS)-scavenging antioxidant enzymes are crucial to remove the ROS in plant cells [12] . It was reported that antioxidant defence system components in plants were exaggerated differently depending on the degree of drought stress [7, 13] .
There is a cumulative sign that physiological and biochemical attributes had been significantly affected under drought stress. Therefore, it is crucial for better understanding the physiological and biochemical characteristics in plants to improve drought tolerance under drought stress. To identify drought-tolerant genotypes of advanced mutant rice lines, we examine the responses of drought-susceptible and drought-tolerant rice genotypes on physiological and biochemical parameters by determining the growth, contents of chlorophyll and proline, and activity of antioxidant enzymes in five rice genotypes subjected to drought stress, in which all these parameters can be used as selection criterion of secondary traits for drought tolerance in rice.
Materials and Methods

Plant Materials and Experimental Site
Five rice genotypes, including drought-susceptible variety (IR64), drought-tolerant variety (Aeron1), moderately drought-tolerant variety (MR219) and two advanced mutant rice genotypes (MR219-4 and MR219-9), were selected in this study. The experiment was conducted in a field located at Muda Agricultural Development Authority (MADA) Kota Sarang Semut, Kedah (latitude 6 • 13 10" N, longitude 100 • 14 18" E) in the northwest of Peninsular Malaysia. The experiment was conducted in two seasons, September 2012 (Season 1) and March 2013 (Season 2) ( Figures S1 and S2 ). Soils at the experimental site were slightly acidic clay loam having organic matter (4%), sand (19%), silt (47%), and clay (37%) with pH 5 (1:1 water). Twenty-one-day-old rice seedlings of all genotypes were transplanted at one seedling per hill. Fertilizers were applied (120:70:80 N:P:K, kg ha −1 ) as per recommended rates by the International Rice Research Institute [14] .
Experimental Layout
The experiment was conducted on the basis of split-plot randomized complete block design with four replications. The area of each main plot was 100 m 2 in which, in one plot, plants were grown under favourable water condition with supplementary surface irrigation for the control treatment. For drought treatment, water was drained and irrigation was withheld to induce drought stress. All selected rice genotypes were randomly assigned to the 4 m 2 subplots with spacing 20 cm planting distance within row. 
Drought Stress Treatment
The plot for drought stress was drained at 25 days after transplanting (DAT) to expose plants to the drought stress (−30 kPa soil water tension). Five tensiometers were used in this experiment to determine the soil moisture tension. All tensiometers were inserted randomly at 30 cm depth in the soil of drought stress treatment. Re-irrigation was done periodically when soil water tension fell below −30 kPa. The plants were harvested during maturity.
Growth Measurement
Vegetative Growth
Plant height, number of tillers, and flag leaf area in four plants per genotypes for each treatment were recorded.
Dry Weight Production and Partitioning
Ten plants per treatment for each genotype were harvested at the end of the experiment and all plant parts were separated into culms, leaves, root, and panicles and dried into a constant weight. All dry weights of plant parts and total dry weight were determined.
Biochemical Analysis
Fresh leaf sample for each genotype per treatment was sampled at the peak of flowering stage (85 DAT) to determine the contents of chlorophyll, proline, and activity of antioxidant enzymes.
Chlorophyll Content Assay
Chlorophyll content was measured based on the method of [15] . Fresh leaf sample (0.2 g) was kept overnight in a 25 mL tube with 80% acetone at −10 • C. The mixture was centrifuged at 12,000× g for 10 min. The sample absorbance was recorded at 645 and 663 nm using a Shimadzu UV spectrophotometer.
Proline Content Assay
Proline content was determined based on [16] . Free proline was extracted from 0.2 g fresh leaf sample by keeping it in 3% (w/v) aqueous sulfosalicylic acid. The homogenate was centrifuged at 12,000× g for 15 min. The supernatant was collected and incubated with 2 mL ninhydrin reagent at 100 • C for 1 h, and then rapidly frozen in an ice bath. The red-coloured reaction mixture was discarded using toluene (4 mL), and the mixture was left for 10 min. The absorbance was recorded at 520 nm.
Enzyme Extract Preparation and Antioxidant Enzymes Assay
Enzyme extraction was measured based on [17] . Fresh leaf sample (0.5 g) was with 5 mL of 50 mM potassium phosphate buffer (Promega Corporation, Madison, WI, USA) (pH 7.8) containing 0.4 M ethylenediaminetetraacetic acid (EDTA), 1 M ascorbate and 2% (w/v) polyvinylpyrrolidone. The crude mixture was homogenized at 15,000 rpm for one minute and centrifuged at 15,000× g for 20 min. The supernatant was used for enzyme activity assays. CAT (EC: 1.11.1.6) activity was assayed according to [17] . APX (EC: 1.11.1.11) activity was assayed based on [18] methodology and GPX (EC: 1.11.1.7) activity was assayed according to [19] .
Yield and Yield Components
Grain yield, 1000 grain weight, spikelets per panicle, and harvest index of each rice genotype in each treatment were analysed at the final harvest. 
Statistical Analysis
The mean data for all observations were compiled in each season by taking average value over randomly selected plants from all the replications. The data were subjected to analysis of variance to determine the level of variation of all observed parameters using the Statistical Analysis System (SAS) programme (version 9.4, SAS Institute Inc. Cary, NC, USA). The mean differences were performed using Duncan's New Multiple Range Test (DNMRT).
Results
Plant Height, Number of Tillers, and Flag Leaf Area
The combined analysis of variance (ANOVA) for vegetative growth data of rice genotypes over two seasons was presented in Table 1 . The main effects due to the seasons (S), water treatments (W), genotypes (G), G × S interaction, G × W interaction, and G × S × W interaction were found to be highly significant for plant height, number of tillers and flag leaf area except for S and G × S × W interaction which were found to be significantly different for plant height and number of tillers, respectively. Drought stress caused significant reductions in plant height, number of tillers, and flag leaf area in all the genotypes. Plant height was significantly reduced under drought stress treatment for both seasons. At the control and drought stress treatments, the tallest plants (101.8 and 105.7 cm) were attained in Aeron1 and the shortest plants (84.1 and 82.0 cm) in IR64, for both seasons, respectively ( Table 2 ). The drought-susceptible genotype showed the greatest reduction in number of tillers under drought stress treatment at both seasons. MR219-4 and Aeron1 had the lowest reduction in number of tillers under drought stress treatment at season 1, while at season 2, Aeron1 shown the lowest reduction in number of tillers under drought stress treatment compared to the control treatment. At the drought stress, flag leaf area had a significant reduction in all the genotypes as compared to the control for both seasons. The highest flag leaf area under drought stress treatment for season 1 (40.7 cm) and season 2 (39.9 cm) was obtained in MR219-4. 
Culms and Leaves Dry Weight, Panicles Dry Weight, and Total Dry Weight
The combined analysis of variance over the seasons have shown a significant differences for S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction for all the traits (Table 3) . Drought stress also caused significant reductions in culms and leaves dry weight, panicles dry weight, and total dry weight of all the rice genotypes ( Table 4 ). The drought stress treatment significantly decreased culms and leaves dry weight at both seasons compared to that of the control treatment. The drought-susceptible genotype, IR64, showed the greatest reduction in culms and leaves dry weight and panicles dry weight under drought stress treatment at both seasons. MR219-4 had the lowest reduction in culms and leaves dry weight and had the highest value of panicles dry weight at season 1 and season 2 under drought stress treatment compared to that of the control treatment. The total dry weight was significantly lower at season 1 (17%) and season 2 (11%) under drought stress treatment compared to the control treatment. MR219-4 had the lowest reduction in total dry weight at both seasons indicating that this advanced mutant line had the greatest total dry weight than the other rice genotypes in the drought stress treatment. 
Chlorophyll Content
The pooled data of the two seasons indicates a highly significant difference for S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction (Table 5 ). Relative chlorophyll content was significantly decreased in drought stress treatment compared to the control treatment at season 1 and season 2 ( Figure 1 ). Relative chlorophyll content at season 2 showed a greater decrease in drought stress treatment (49%) followed by relative chlorophyll content at season 1 (24%) compared to that of the control treatment plants. The results showed that the drought-susceptible rice genotype, IR64, had the lowest relative chlorophyll content under drought stress treatment at both seasons, while MR219-4 had the highest value in relative chlorophyll content under drought stress and control treatments at season 1 and season 2 as compared to other rice genotypes. 
Proline Content
The pooled analysis of variance over the two seasons for proline content was highly significantly different in S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction (Table 5 ). Figure 2 shows that the proline content greatly increased 38% and 42% in drought stress treatment compared to the control treatment at season 1 and season 2, respectively. Plants subjected to the control treatment produced the lowest proline content than in drought stress treatment at both seasons. The results showed that MR219-4 had the highest proline content than the other rice genotypes in the drought stress and control treatments.
Activities of Antioxidant Enzymes
The antioxidant enzymes activities including CAT, APX, and GPX were measured to examine whether drought stress inclined the major ROS-scavenging mechanisms in advanced mutant rice genotypes. The pooled data over the two seasons showed that a significant difference was recorded as the result of S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction (Table 5) . At season 1, drought stress treatment increased (1.84 unit mg/protein) in CAT activity compared to control (Figure 3 ). Leaf CAT activity was also increased (1.97 unit mg/protein) in drought stress compared to the control treatment at season 2. From the results, it shows that APX activity increased in drought stress. Plants subjected to drought stress treatment at season 1 and season 2 increased by 1.6 unit mg/protein and 1.9 unit mg/protein, respectively, compared to the control treatment (Figure 4) . Plants with drought stress treatment at season 2 recorded the highest GPX activity than in drought stress treatment at season 1. On the other hand, the control treatment at season 2 exhibited the lowest GPX activity than in the control treatment at season 1 ( Figure 5) . Overall, the drought- 
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The antioxidant enzymes activities including CAT, APX, and GPX were measured to examine whether drought stress inclined the major ROS-scavenging mechanisms in advanced mutant rice genotypes. The pooled data over the two seasons showed that a significant difference was recorded as the result of S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction (Table 5) . At season 1, drought stress treatment increased (1.84 unit mg/protein) in CAT activity compared to control (Figure 3 ). Leaf CAT activity was also increased (1.97 unit mg/protein) in drought stress compared to the control treatment at season 2. From the results, it shows that APX activity increased in drought stress. Plants subjected to drought stress treatment at season 1 and season 2 increased by 1.6 unit mg/protein and 1.9 unit mg/protein, respectively, compared to the control treatment (Figure 4) . Plants with drought stress treatment at season 2 recorded the highest GPX activity than in drought stress treatment at season 1. On the other hand, the control treatment at season 2 exhibited the lowest GPX activity than in the control treatment at season 1 ( Figure 5) . Overall, the drought-susceptible genotype, IR64, showed the lowest CAT, APX, and GPX activities under drought stress at both seasons. In contrast, MR219-4 had the highest CAT, APX, susceptible genotype, IR64, showed the lowest CAT, APX, and GPX activities under drought stress at both seasons. In contrast, MR219-4 had the highest CAT, APX, and GPX activities under drought stress at both seasons, which indicates the superiority in drought tolerance characteristics. 
Yield and Yield Components
The pooled analysis of variance for the two seasons showed a significant difference on S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction for grain yield, 1000 grain weight, spikelets/panicle, and harvest index were significantly different except S × W, G and G × S × W interaction for harvest index ( Table 6 ).
The average grain yield/plant under control condition ranged from 30.52 g (Aeron1) to 59.81 g (MR219-9) and 46.22 g (IR64) to 92.17 g (MR219-9) at season 1 and season 2, 
The pooled analysis of variance for the two seasons showed a significant difference on S, W, S × W interaction, G, G × S interaction, G × W interaction, and G × S × W interaction for grain yield, 1000 grain weight, spikelets/panicle, and harvest index were significantly different except S × W, G and G × S × W interaction for harvest index (Table 6 ). The average grain yield/plant under control condition ranged from 30.52 g (Aeron1) to 59.81 g (MR219-9) and 46. Table 7 ). The results indicated that MR219-9 was superior to the other genotypes under well-watered and drought stress conditions. The average for 1000 grain weight of all the genotypes was reduced from 27.70 g in control condition to 25.98 g in drought stress condition at season 1, while the 1000 grain weight at season 2 was reduced from 27.08 g in control condition to 24.99 g in drought stress condition. MR219-4 and MR219-9 showed the highest 1000 grain weight under drought stress condition compared to the other rice genotypes at both seasons. From the results in Table 7 , the spikelets/panicle decreased in drought stress condition. Plants subjected to drought stress treatment at season 1 and season 2 decreased 8 and 6, respectively, in spikelets/panicle compared to the control treatment. Plants under drought stress condition at season 2 recorded the highest harvest index than at season 1 (Table 7) . On the other hand, rice genotypes of control condition at season 1 exhibited the lowest harvest index values than in control condition at season 2.
Discussion
Effects of Drought on Rice Vegetative Growth
The reduction in all growth parameters indicated that drought stress is one of the main factors which influence growth and development in rice plants. The detrimental effects in the growth parameters might be due to the limited soil moisture content [20] . Drought stress treatment had reduced plant height and number of tillers, which ascribed to the reduction in cell turgor thus inhibiting the process of division and expansion of cells. These observations are consistent with the findings by [21] . The decline in flag leaf area apparently ascribed to the small size of the leaf, senescence of leaf, and decrease in the leaf emergence rate [22] . The patterns of plant height and number of tillers differed among the five rice genotypes. The results showed that MR219-4 and MR219-9 had slightly significantly decreased in plant growth parameters compared to the other rice genotypes under drought stress condition for both seasons (Table 2 ). This could be the result of higher ability in water and nutrient uptake of these two advanced mutant rice lines and the higher stomatal conductance, and ultimately photosynthesis.
Effects of Drought Stress on Dry Weight Production and Partitioning
The plant's productivity is determined in part by the photosynthates allocation between organs [23] . Drought stress can differently influence the growth of each plant organ and change the dry mass accumulation pattern within the plants [24] . In the present study, drought stress decreased the total dry weight. Table 4 indicates that a small proportion of photosynthates was allocated to upper ground parts under drought stress, which meant that plants tenderly decreased assimilates allocation to culms and leaves rather than roots [25] . The plants had invested small dry mass in culms and leaves growth under lower soil moisture content, thus reducing the loss of water from transpiration process and ensuring the competitiveness level in higher survival. The lower culms and leaves dry weight under drought stress could be ascribed to the lower osmotic adjustment in leaf than in root cells [26] . The results of the present study are in agreement with the findings by [27] on wheat and [28] on rice. The present study showed that drought stress decreased the culms and leaves dry weight (Table 4 ). This might be associated with the inhibition of leaf cell expansion. The reduction in culm and leaf growth under drought stress was reported by [28] where the leaf parameters such as leaf length, leaf surface, and number of tillers were lower in 60% drought index. It has been reported by [26] that the size of the culms was reduced and fewer leaf cells contributed to the elongation process in plants exposed to drought stress. However, MR219-4 and Aeron1 had the lowest reduction in culms and leaves dry weight under drought stress treatment, indicating that these genotypes did not have greater effects by drought for this trait. Similar results were also found in panicles dry weight and total dry weight traits, where MR219-4 showed tolerance to drought stress as it showed a small reduction in both trait values between control and drought stress treatments.
Effects of Drought Stress on Chlorophyll Content
The reduction in relative chlorophyll content was possibly associated with the oxidative damage development in the chloroplast and also caused the lipid membrane peroxidation of the thylakoids to induce and, thus, degradation of chlorophyll [29] . Drought stresses resulted in reduced chlorophyll content in leaves which might be associated with an increase in chlorophyll density [30] . Although no measurements of chlorophyll density were made directly in the present study, this factor could possibly lead to a reduction in chlorophyll content. The reduced chlorophyll is constantly correlated with the deficiency of photosynthesis [31] . This result is in agreement with the findings of [32] , who reported that drought stress decreased chlorophyll content and affected the photosynthetic rate. In the present study, MR219-4 showed the highest chlorophyll content among the rice genotypes under drought stress condition (Figure 1) , resulting in little-changed chlorophyll content between control and drought stress conditions, hence indicating that this genotype had higher photosynthetic efficiency than its parent, MR219I, and other genotypes studied.
Effects of Drought Stress on Proline Content
It was stated that drought stress leads to an increase in proline accumulation [5] . Increase in proline content helped to maintain tissue water status and avoid a reduction in cell damages induced by water deficit or drought stress. Accordingly, cell damage attributed to the reduction in active and reactive oxygen species [33] . The increase in proline under drought stress suggests that low water potential in plants had triggered proline accumulation. This result is similar to the findings by [32] , who reported that low water potential induces cell membrane damage and enzyme inactivation resulted in electrolytes loss. Proline accumulation normally occurs in the cytosol and resulted in cytoplasmic osmotic adjustment. In the present study, increased proline content was found in the drought stress plants (Figure 2) , especially in the advanced mutant rice genotypes, MR219-4 and MR219-9. These genotypes had a higher accumulation of proline under drought stress compared to the other rice genotypes and thus attributed to their high tolerance efficiency to drought stress. This result is consistent with that reported by [34] , who found that several upland rice types exposed to water stress had increased proline content.
Effects of Drought Stress on Activity of Antioxidant Enzymes
CAT activity was increased in leaves during drought stress, suggested that they adapted for scavenging the production of photorespiratory H 2 O 2 . This result is supported by other reports on increased activities of antioxidant under drought stress, indicating that drought stress might result in increased antioxidant activities [32, 34, 35] . In this study, MR219-4 and MR219-9 showed higher CAT activity among rice genotypes under drought stress treatment (Figure 3 ), which might be attributed to the enzyme synthesize activated or the changing of enzyme subunits association under drought stress condition. The increases in APX activities might be associated with photosynthetic pigments, resulting in excess energy intercepted. However, this increment could create a significant protection mechanism in plants against oxidative damage [7] . The marked increase in APX activity in the leaves of drought stress treatment compared to control provides an indication of the significance of APX in the mechanism of antioxidative defense of rice plants against drought stress effects. In the plant cell, APX is known as the most widely distributed antioxidative enzymes which reduce H 2 O 2 [36] . In the present study, both advanced mutant rice lines, MR219-4 and MR219-9, had higher APX activity under drought stress condition than other rice genotypes (Figure 4 ). This suggested that the higher APX activity in MR219-4 and MR219-9 leaves could be ascribed to the chloroplast-located enzyme of leaf tissues. It was reported that GPX was enabled to decrease H 2 O 2 accumulation and remove malondialdehyde (MDA) [34] . Drought stress increased the activity of GPX gradually compared to the plants under the control treatment ( Figure 5 ). The present study also suggested that GPX activity increment might be a key for H 2 O 2 decomposition, especially under inactivation of CAT [35] . These responses were consistent with the findings of [37] in some traditional rice of India.
Effects of Drought Stress on Yield and Yield Components
Grain yield decreased proportionally to the drought stress treatment for both seasons (Table 7) . Grain yield was reduced as a result of lower amount of water supplied. In the present study, the reduction in grain yield might be attributed to the reduction in 1000 grain weight and spikelets/panicle as a result of low soil moisture content during booting and flowering stages. [38] reported that water shortage just prior and during early flowering reduced the number of fertile spikelets and resulted in decreased final grain yield production. Furthermore, an increase in soil-water tension during the reproductive stage would increase abortion of spikelets and resulted in a reduction in spikelets number per panicle [39] . Hence, decrease grain yield might also be associated with the reduction in leaf area, lower photosynthetic rates, and high evaporation demand [23, 28] . The harvest index is the fraction of total dry matter and grain weights; for cereals in general, when the grain fills only at the end of the crop's life, it is expected that late stress will decrease the harvest index more than early stress. However, the effect of stress on grain filling has been suggested to be limited [38] . Moderate drought stress did not result in a change of the harvest index of crops but severe drought stress does, where it caused harvest index to decrease [39] . In this study, drought stress had no effect on harvest index for most of the evaluated genotypes studied, as the means between control and drought stress were not significantly different. Hence, it might be due to the level of stress that is moderate stress, which did not result in a change of the harvest index. According to [40] , drought stress had reduced yield in rice. In this study, drought stress did not affect grain yield/plant for MR219-4, MR219 and Aeron1, except for MR219-9 and IR64 (Table 7) . This result might be due to the fact that MR219-4 can be considered as drought-tolerant.
Conclusions
It is clear that drought stress greatly influences physiological functions and biochemical activities that affect plant growth. CAT, APX, and GPX increased under drought stress condition, indicating that these antioxidant enzymes were capable of protecting plant cells from the oxidative damage. Similarly, proline synthesis increased under drought stress condition, indicating that proline also was capable of acting as part of a survival mechanism under drought stress condition. It is marked that the combination of different traits could be responsible for the drought tolerance. These findings may provide useful knowledge on secondary traits as selection criteria for drought tolerance in rice. Based on the performance of growth, yield, and biochemical attributes, MR219-4 showed the highest tolerance to drought, followed by MR219-9, than the other check variety rice genotypes. Therefore, MR219-4 and MR219-9 were identified as drought-tolerant genotypes. This finding needs further research to improve advanced mutant rice lines, MR219-4 and MR219-9, for drought stress tolerance in Malaysian rice breeding programmes. 
